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(for this reason thé_study was financiaily supnorted By the rotary
wing section of the S. T. Aé). Meanwhile, the study 1s sufficlently
broad in nature and the'apblicétions go beyond the framework of hell-
copters. It concerns, in effect, a fundamental study 'of the vortexes
springing frém the wings of limited alrfoll span and from the action
that these can have on the aerodynamics of the carrying surfaces
located in thelr proximity.

Tﬁe problem, fof example, concerns the empennages and the tail
fins of planes which are almost élways placed in the aerodynamic
field markedly affected by the wing and the vortexes which the wing
emlts.

For helicopters, as a result of the rotation and the number of
bladeg, the vortexes affect the aerodynamics of the blades themselves.

The photograph shown 1n‘Piate 1 provides a view of the hydrody-
namic tunnel /1/ in which the vorté%~of a rotor for an advancenent
parameter of 0.3 is shown. One sees in particular that the vortex
springing from blade No. 3 passes close to blade No. 1 and as a re-
sult affects 1ts behavior.

In a systematic fashion, Plate 2 presents the blade poslitlions
for vafious vortexes encountered in the course of one revolution of
a three-bladed hellcopter having a parameter of advancement of 0.3,

Among all these configurations, two cases are part1Cularly-in~
teresﬁing because they lend themselves both to experimental analysis
and to theoretical analysis. It concerné cases where the vortex is
éither perpendicular or paralléi to the blade.

The proposal here 1s to study the pérpendicular vortex effect
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Plate 1 - View of the vortex in the hydrodynamic tunnel.
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Plate 2 < Intersections of the vertical plane
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on the glrfoll span of the blade to determine how gerfqrmance is af-
fected and which parameters control the phenomenon.

To that end, the structure of vortexes wlll be_analyzed, which
will provide 2 composlite of results useful for later studies dealing
with hellcopter noise.‘ There are, as a matter of fact, indicatlions
from experiments (Plate 3) which show that the shape of the blade_
tip can hsve a significant affect on helicopter noise [é; 27-
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Plate 3 = Influence of the shape of the
blade tip on noise.

The account which follows will be the focal polnt of this study
undertaken in 1969, and whose initial results were presented to the

AFITAE Congress of Applied Aerodynamics of 1969.%* It will congist of

- five parts: v ' _ o -

-1 - Effects 01 z vortex on load distribution and overall forces.

=z

-2 = Influence of the saane of the blade tip which created the

vortex.

#Unpublished report of Ph.—Péisson?Quinton;' ':‘ --.f“'; %_"



3 = Tests of the vortex.
+ = Elsboration of a method of computing induced loads. Com=
parison with ex ﬁevimeqts.

5 = Computation of the rolling-up effect of the vortex.

1. Effect of a Vortex in the Upstream Flow of a Blade

1.1. Setup (See Plate 4)
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Plate 4 ~ Simulation of the effect of the vorteg//’l’

of a blade on the next blade. v =04cf08
—05Zry N1

The test model Qonsists of a plece of helicopter blade with 8
length of 4b2/S = 6, an alrfoil span of 1.2 m (b), and a chord of
0.4 m (1). The test model is mounted horizontally and balanced on
the'wéll of the,wind»tunnel} The model has orifices used to measure
pressures in 8 sections (profiie NACA 0012). This bladé, on which

an upstream vortex will Be allowed to reaci, is termed the receptor |

- blade and is designated by the 1ndex R.

A seuond model termed the emitter blade (1ndex E), which has

the same 861€P31 characteristics ag the first, 1s placed vertically



in the convergence of the wind tunnel® at a distance of approximately
9 chords from the receptor blade. The model 13 on a plate whose al-

titude can bs regulated to set the altitude of the vortex with res-

pect to the receptor wing. The tlp of this model 1s convertible,
which permits the shape of the blade tip to be changed.

We will show tae differences between the aerodynamic character=-
istics of the blade with and without a vortex in the incidence of
flow. It must be stated that this configuration only appears simple.
The configuration correspondas to one in a limitless atmosphere which
1s much more compllcated and which consisté of numerous vortexes:
the principal vortex and the vortex at the foot of the blade and

thelr images In relation to the wall of the wind tunnel.

1.2. Effect on Preassures

o The presence of the vortex modifies the local incidence of the
~varlous sectlons of the blade. When the incidence of the vortex has
'.the sanme d;rection as the vortex emitted by the receptor blade (iE
and 1p of the same sign), the absolute value of the local incidence
1s increased by the vofﬁex for the sections between the blade'tip and
the projectidp'of the vortex on the blade; the value is diminished by
the others; | ‘

On Plate 5 1s shown the evolution of the dlstribution of prés-
sures‘fbr two éections framing the voftex.

#¥The tests were made in the Cannes wind tunnel. All the results of
measurements are provlided in a series of unpublished test records.
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Plate 5 = Influence of the vortex on
pressure distribution. T~

l.2. Effect on the Overall Forces

Plate 6 showskﬁhélfariaﬁion of overall fofces-which take place
28 a result of the vortex. The curve C, ¥ f(1) experienced a2 trans-
lation corresponding to a reduction of the avefage incidence of ap~
proximately 2 degrees for this configuration. The pole 1s deformed,
and a very sensitive 1n¢rease is recorded of the C, associated with

a given Cy; for example, for C, = 0.6 ACX/CX = +67%

le4. Influence of the Position

The results gi%eﬁ in bérégfaphs 1.2 and_l.B are a function of -
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Plate 6 = Effects of the interaction on

overall forcese.

the position and of the intensity of the incldence of the vortex.

Plate 7 shows the evolution of the variation of the 1lifting

capaclty ACZ as a function of the altitude of the vortex for two alr-

foil span positions. The asymmetry observed for the positive and

negative zp comes from the vortex at the foot of the blade.
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Plate 7 - Influence of the position of the

vortex on the overall forces.
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The 1nfiuence of the alrfoill spasn position is very sensiiivef
The effect is maximal for a poslition of the vortex next to the blade
tip; it tends to be in the neighborhood of zero when the vortex dis-
places itself towards the socket.

Ag far as the Influence of éhe intensity of the vortex of lIn-
cldence is.cohcerned, 1t was determined that the effect 1s a crossing
function of the intensity of the perturbation represented by the vor-

tex; the AG ars, for example, proportionate to the incidence, and,

therefore, to the 1ifting capaclty of the emltter blade (see Plate 9).

2, Influence of the Shape of the Blade Tip

2,1. Generalilties

One of the goals of the experiment was to examine the influence
of the various_parameters controlling the phenqmenon. Among these,
it was thought that the shape of the emitte; blade tip would be the
determining factor. | | o

A large variety of shapes were tried. Plate Ba presents the
most 1nteresting. recbangular tip (R?-S), narabolic (A and B), traps-

zoidal (T)

2,2, Results

For all the shapes of blades teéted, the varlations of the
overall forces of the emitter blade are identical when the engenderéd
vortexss oecupy’approximately the same position with respect to the

" peceptor blade. That is what was established, for example, for the



AC, shown in Plate 9.
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Plate 8 - Blade type. Shape of blade tip.
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Plate 9 - Influence of the shape of the
emlitter blade on the induced GZ.
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Sueh ‘is not the case for the pressures; eapeclally when the.
vortex is close to the wing; however, the differences observed for
the sections closest to the vortex are very sensitive to a varlation
of the distance between the vortex and this section. Significant
comparlsons can énly be effectuatéd when the positions cccupied by
the vortexes arerin every respect identicszl, which 1s not quite the
case for Plate 10. New tests in which the position of the vortex
would be marked with great precision would yleld more valuable in-

formatlion concerning this aspect.
-KP
06 |—

ip = 14258 ig=0
V, =40~
- Yi/, =08  zr/ 20 f\, 0= 40w/
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Plate 10 = Effect of the vortex springing from
blades R+ S, A, B, T on the distri-
bution of pressures on the airfoil
span (eclose to the master coupler).

2.5, Blade with Thickened Tip

In order to modify the‘organization>of the vortex radically, 
e blade with thickened tip was used (see Plate 8b). In effect, as
one will see 1ater! the vortex is siénificantly aiﬁeréd by the thick-
-eningt the trajectory and the distribution of speeds in the center of.

_the vortex are modified.

11
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Nevertheless, it was also determined that for a like posltlon
of the vortex the effect on the overall forces 1s 1dentical to the

one noted when the nonthlckened emitter blade was placed at the same

incidence.

For the modifileations of the local pressures, the same asser-
tion made in paragraph 2.2 must be made; & series of speclal experi-

ments will have to be nmade to show meaningful differencess

%o Tests of the Vortex

/

In order to character@?e ﬁhé voftexes’which escape from dlffer-
ent blade tips and also, in particular; %o understand the lessening
of perceived nolss for a rotor egulpped with trapezoldal blade tips,
speed measurements were effectuated for the varlous vortexes.

An anemoclinometric Gruson antenna of 8 mm in diameter, shown

in Plate 11, was used.

b B

vV =

i [}
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—~ ©
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[ e
' )
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—— —t

.Plate 11 = Clinometric measurements,'
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-Thanks to & preliwinary calibration,»the orientation and mo=
dulus of the speed véctor of the measurement of 3 @ifferent preasures
were determined: Apy = Py ~ Pos Apy = p3 = py, and Ap, = P - Pg- The
tests were conducted along horizontal and vertical lines perpendicu-~
lar to the vortex axis. In these cages, one or the oﬁher of the dif-
ferences Apy and Ap, 1s null and the anaiysis is made ©asy.

‘ The components of ﬁhe perpendicular speed Vo that were deduced
from the measurements of various vortexes are compared in Plate 12.
It was determined that the s?egds in vortexes were somewhat lowered

by using a trapezoidal blade, and that speeds were considerably lower

when uslng & blade with a thickened tip.

TR e vy
Y/

I e B S
\ ES i Key ° v
> (Extremite Soufflde) —T '
g L l. Thickened tip

' Plate 12 -~ Measurements of speeds in the vortexes
emltted by the blsdes "R+ S," "7," "E.S."
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 The distribution of transverse speeds can be managed, in terms of
circulation, by hypothesizing that the fleld of speeds in such a8 vor-
tex consists of rotation around the vortex axis. This hypothesls is
reagenable because the transverse speed curves measured on z'T, and
y'Ty are somewhat symmetrical wlth respect to the source and_are
ldentical among each other. Under these conditions, the circulation
(r) of the speed the length of a radius r which has the vortex as

its axis will differ 1little from

. 1 E N ) - .
2Tr X Vgt V¥ Ve, Vy-)

In order to regroup thevreéults corresvonding to séveral speeds
and to several Incldences of the emltter blade, the circulation [(r/1)
was brought back up to the maximum circulation distribuﬁion on the
alrfoil span along the full length of the blade. This maximum, in

our cagse, corresponds to the socket section.

o ‘
max = ECZ socketx Vo x |

The regroupment was aided by thé idea that the vortex comes
from‘the rolling up of elementary vortexea,'conceived by Pradtl,}whose
-sum total of intensities is Tmax. The regroupment effectuated in this
manner (Plate 13) 1s abéolutely satisfactory, considering the degree
of precision thét one may expect of clinometric measurements made in
a vortex. | |

‘The cumresT\’g f(r/1) corfesponding to blades which- have rectan-
o gulay trapezoidal, and thickened tips (shown in Plate 1&) confirm the

results of Plate 13: the most'concentréted vortex correséonds to the

i
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Plate 13 = Measurement of the ¢lrculation in the
vortex springing from the blade "I

rectangular blade; the blade with the thickened tip provided a more

diluted vortex.

4, Elaboration of & Comvputation Method of the Loads Inducod by a Vortex
on a_Wing :

We are going to apply the lift'iine theory to a flow incidence

bearing a vortex intensity of Tr.

The circulation around a section of wing follows the equation

f Y
A Ty ——Vo”( [i —‘“\7—) I

o
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: . 3 . ¥ . v tex a8
() telng the vertical speed induced at the ordinate ¥ by the vortexes

with the intensity d° distributed all slong the airfoil span of the
wing and by the vortex 1T,

' aryavy ay' Dt YY1
@ win =L [ IS I

Y Y 27 (Y = Y7)2+272

oy
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" Plate 14 - Comnarison of the circulation distributions
~in the vortex soringin§ from the blades
"R+s n NT 3] and E.

In the same manner as stated by Simmons /47, the infégro«
differential equatiéﬁ.whiéh results from (1) and (2) 1s resolved by
replacing'the 1n£egrél by a sum correspondiﬁg to a fiﬁite number of
vortexes. For'this;'the wing 1s divided into N intervals YiYi+ 1 in.

-~

the middle of which are placed the vortexes with the Intenslty

16



M (Yi+1) -~ TY¥1). In writing the equatlon resulting in each blade
tip inte%val, one obtains a linear system of N -~ 1 equations fo H - 1
unknowms.

The results presented 1n Plate 15 correspond to a computatlion
effectuated for 3 a blade mounted on the wall in the presence of two
vortexes with opposite intensities at é distance from b = 1.2 m
(vortex Ty and vortex at the foot of the blade Tpp)e This computa~
tion takes into account the corrections caused by the walls of the
wind tunnel. It 1s determined that the computation represents rela-
tively well the sxperimentally observed evolution. In effectuating
the integration along the alrfoil span, one obtains the 1lifting ca=
pacity of the blade in the presence of the vortex, and,'thereforg,
the ACZ. Plate 16 compares the results of the computations made

during experiments.

. A CZ1 . ‘d . . -
. CALEY, s e
08 — Pttt
| / \.\ Key:
- -/ T\ : "1. Computation
06— o/ : S ' 2. Test Sy Cannes
, Vi ° o
! 'LR=8,2.5 \o‘ .
3 -:-—_—/ - \\
el : % .
p 04 ' Q. \ ~
L ZT/Q ~+0,5 ESYAl \ o
A -0~ :
Lt . 54Cannes . )
02l Yu/y, =408 T
i _ i " . .
DK | carcu \
;- Emom ez 4 Vg
B N
0.2 ya 06 0.8 10
T / '
. =02~ 4
i . ;
.ol

Plate 15 = Influence of the vortex on load distributions.
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Plate 16 =~ Influence of the pogsition of the
vortex on overall forces. Comparison
of computations and experliments.

5. Computation of the Rolling up of the Vortex

The progfam brought into focus for fhé preceding computation
provided accessorily, in makingf“TssO, the distribution of loads on
the airfoil epan! (Y1) for‘wings ho:matter what their shape, and as
& result a vortex surface which escapes from these wings by discrete

vortexes T (Yi+1) = T(Y1) located at the points Yi+ 1+ Yi.
o o B M

It is possible to compute the induced speed fof each.vortex by
- the sum of the others;*"Therefore, by inﬁegrating during a.time dt;
one obtalns the displaceﬁent that each vortex experiences~aé & result
of the actionvdfvthe other vortexes. The new shape of the vortex
surface obtained“cofrequnds to aﬁ abséissé whiéh has 1ncreased by

Vo dte

18
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Such a‘computatipn,_proposed since 1935 by Westwater 5/, over-
looks the longitudinal effects of the vortexes which become deformed ;
however, this spproximation is Justified and the resulte obtained are
satisfactory.

Plste 17 shows the evolution of sections of the vortex surface
coming from a blade with a trapezoidal tip. The rolling-up phen5m3~

non 1s very well described by the adopted schematization.

£ 3/p
01— X/p= b ‘i’ _
. u
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01— 35 .
{»]
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36//:\\\ /b
! N | o ((ZWN
O N j;\%&3¥"ﬁ>
o A 0
01 " x/g =4 7 >7 d
T—— o\o.‘n _- /o/
1% 2 T G s O e ) e 0= O
oy — . 30

=%
04 06 08\ =/ 10
R 35 o
-x/ =10 - ’
2 _ o/
N o/‘
' °\°‘°~°—-q_—-o/5o

15 20

Plate 17 - Rolling up of the vortex surface
downstiresm of a wing with an 1n-
cidence - 1 = 100°.

One can determine for each section the approximaste trace of the
vortex axis (YT, Z7), and from there to obtain the circuletion dis-
tribution in the vortex T‘(r) “‘”1 for all the J, such that

(ﬂ—wﬁﬂ+(;—2ﬂ2<rl
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6. Conclusions
The
" “ffeet of a vortex whose axis ie parallel to the upstream
speed in

‘s flow which surrounds & blade wae subjected to experi-

mental st .
b““v in the wind tunnel S; of Cannes and by computztion. The

rolling u | 5
S UB B2 the vortex surface wes comruted for several distances

x/1 behir.
"' the emitter blade. It was determined that the resulting

circulaty,
SO distribution varies little beyond x/1 = 5, and that 1t

agreed we |
1A with the distribution measured in the vortex in the coursge

20
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of clinometric tesis.

The modification of the overall forces resulting from the vor-
tex does not depend on the shape of the emitter blsde tip if the vor—
tex is positioned in the same place relative to the receptor blade.

Meanwhile, considering the differences observed for the over-
speeds of the vortex, it i1s probable that the pressure field may be
Influenced by the geometry of the emltter blade when the vortex is
close to the receptor blade. That may be one of the reasons why a‘
reduction of helicopter nolse was noticed when the shape of the blade

tip was modified.
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